Objective To apply tailored rehabilitation education to video display terminal (VDT) workers with musculoskeletal pain and to assess changes in musculoskeletal pain after rehabilitation education. Methods A total of 8,828 VDT workers were screened for musculoskeletal disorders using a self-report questionnaire. Six hundred twenty-six VDT workers selected based on their questionnaires were enrolled in musculoskeletal rehabilitation education, which consisted of education on VDT syndrome and confirmed diseases, exercise therapy including self-stretching and strengthening, and posture correction. One year later, a follow-up screening survey was performed on 316 VDT workers, and the results were compared with the previous data. Results Compared with the initial survey, pain intensity was significantly decreased in the neck area; pain duration and frequency were significantly decreased in the low back area; and pain duration, intensity, and frequency were significantly decreased in the shoulder and wrist after tailored rehabilitation education. In addition, pain duration, intensity, and frequency showed a greater significant decrease after tailored rehabilitation education in the mild pain group than in the severe pain group. Conclusion This study found that work-related musculoskeletal pain was reduced after tailored rehabilitation education, especially in the shoulder, wrist, and low back.
INTRODUCTION
Work-related musculoskeletal disorders have become a major problem in users of video display terminals (VDT) as VDT use has increased because of increased office automation [1] [2] [3] [4] .
According to the World Health Organization, a workrelated musculoskeletal disorder is defined as a disorder of the muscle, tendon, peripheral nerve, and vascular www.e-arm.org system that is generated, preceded, or aggravated by repeated or continuous use of the body [5] . This definition focuses on repeated use and its causative role in occurrence of disease. The National Institute of Occupational Safety and Health (NIOSH) defined a work-related musculoskeletal disorder as pain, spasticity, and burning or tingling sensations in the neck, shoulder, elbow, forearm, wrist, or hand that last for longer than one week or appear at least once a month for one year [5] .
In Korea, studies about work-related musculoskeletal disorders in VDT workers have mostly addressed the prevalence and risk factors of symptoms of the neck and upper extremities. These studies have mainly been conducted in the fields of occupational and environmental medicine and have mostly concerned the diagnosis and prevalence of work-related musculoskeletal disorders [1, 3, 5] .
Currently, education on muscle-relaxing exercises and regular joint and muscle-strengthening exercises is usually assigned in order to prevent musculoskeletal disorders in worker who perform repetitive upper extremity tasks such as VDT use. In the case of mild pain, physical and exercise therapy have been widely recommended [6, 7] . However, in recent studies, exercise and ergonomics did not significantly reduce musculoskeletal disorder symptoms [8] [9] [10] . In spite of this controversy, there have been few instances in which rehabilitation education has been tailored to the individual characteristics of musculoskeletal disorders based on accurate diagnosis. Accordingly, there have also been few reports about the effects of rehabilitation education or symptom change after rehabilitation education.
Therefore, in this study, we conducted a survey to analyze changes in and characteristics of musculoskeletal symptoms after tailored rehabilitation education among VDT workers with work-related musculoskeletal disorders.
MATERIALS AND METHODS

Subjects
We administered a questionnaire survey to 8,828 VDT workers who were employed as general office workers. We conducted tailored rehabilitation education consisting of explaining the characteristics of musculoskeletal disorders, exercise education, posture correction education, and improving the working environments of 626 subjects with musculoskeletal symptoms. One year later, we followed up with 316 subjects and conducted the same questionnaire survey (Fig. 1 ).
Methods
The questionnaire in the present study consisted of two parts. The first part focused on general characteristics, working conditions, and musculoskeletal symptoms and assessed demographic information on age, gender, years www.e-arm.org of service, history of alcohol consumption and smoking, hobbies, house work, and physical burden of working. History of alcohol consumption and smoking history were categorized as yes or no. Years of service were categorized as less than 10 years, more than 10 years but less than 20 years, and more than 20 years. Hobby was categorized as exercise, non-exercise or none and housework as less than one hour, more than one hour, or none; and physical burden of working as tolerable or non-tolerable.
The second part of the questionnaire concerned musculoskeletal symptoms and was adapted from the Musculoskeletal Symptom Questionnaire in the Korea Occupational Safety and Health Agency guidelines on surveys of risk factors related to work-related musculoskeletal pain. Pain regions were categorized as neck, shoulder, elbow, wrist, low back, and lower extremities [11] . Subjective symptoms were defined as moderate or higher level of symptoms (pain, throbbing, stiffness, burning sensation, insensibility or tingling sensation) that lasted for more than one week or occurred at least once a month during the past year, following NIOSH standards [12] . We classified pain intensity as mild, moderate, or severe [13] ; duration as less than one day, more than one day but less than one week, more than one week but less than six months, or more than six months; and frequency as once every several months, once a month, or once daily [14] .
Two physiatrists conducted tailored rehabilitation education for more than two hours. These education sessions consisted of explaining the characteristics of myofascial pain syndrome, rotator cuff disorder, adhesive capsulitis, bicipital tendinitis, cervical and lumbar disc herniation, and carpal tunnel syndrome, all of which can cause musculoskeletal symptoms; stretches for each affected muscle group (cervical paraspinalis, upper trapezius, levator scapulae, rhomboideus, supraspinatus and infraspinatus, teres minor, deltoid, biceps, triceps, extensor carpi radialis, flexor carpi radialis, extensor indicis pollicis); exercise education such as rotator cuff strengthening and lumbar extension exercise; posture correction education including lifting objects, correct working posture, and improving the computer working environment using an ergonomic keyboard and mouse. In addition, we produced an educational booklet and video for continuous symptom management and uploaded the information onto a website (https://huhrd.hyumc.com/information/ park.asp?cat_no=06090000) to provide subjects with continuous access to the information.
A total of 209 subjects from the original 626 were selected after history taking and physical examination. Final diagnoses were made after blood, simple radiography, electromyography, ultrasonography, computed tomography, and magnetic resonance imaging testing. Based on the final diagnoses, we conducted additional tailored rehabilitation education. For example, we provided education on correct computer working posture, stretching methods, and strengthening exercises for the cervical paraspinalis muscle and upper extremity muscles to cervical herniated disc patients. For rotator cuff disorder patients, we provided education on rotator cuff stretching and strengthening exercises after education on www.e-arm.org injured rotator cuff functioning and posture that could cause impingement of the rotator cuff in order to prevent repetitive injury. If there was further need for counseling, we conducted medical counseling and tailored rehabilitation education frequently by phone, website, or e-mail ( Fig. 1) .
One year later, a follow-up screening survey of 316 VDT workers was performed, and the results were compared with the previous data. In addition, we determined whether there was a significant difference between the group with severe pain that was diagnosed by medical examination and the group with mild pain that was not diagnosed.
Statistics
SPSS ver. 13.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis. Chi-square test was used to compare the pain and no-pain groups. We used linear-by-linear association through the chi-square test to compare pain intensity, duration, and frequency of neck, shoulder, elbow, wrist, low back and lower extremity pain pre-and post-musculoskeletal rehabilitation education. We also used the independent sample t-test for comparisons between the severe and mild pain groups. The p-values less than 0.05 were considered statistically significant.
RESULTS
General characteristics
The mean age of the 316 VDT workers was 42.5±5.3 years, and other general characteristics such as age, gender, years of service, history of alcohol consumption and smoking, hobby, house work, physical burden of work- www.e-arm.org ing, and region of pain are shown in Table 1 .
The shoulder was the most common pain site, followed by neck, low back, wrist, elbow and lower extremity ( Table  2) . No significant differences were found between the pain and no-pain groups (Table 2) .
Change in pain intensity, duration and frequency in each group
Compared with the initial survey, pain intensity was significantly decreased in the neck area (Table 3, Fig. 2) ; pain duration and frequency were significantly decreased in the low back area (Tables 4, 5, Figs. 3, 4) ; and pain duration, intensity, and frequency were significantly decreased in the shoulder and wrist after tailored rehabilitation education (Tables 3-5, Figs. 2-4) . Pain duration, intensity, and frequency were also decreased in the elbow; however, there was no statistically significant difference (Tables 3-5, Figs. 2-4) . No significant differences were found with regard to the lower extremities.
Differences between severe and mild pain groups
Comparing pain intensity, duration, and frequency between the severe and mild pain groups after tailored rehabilitation education revealed significantly greater decreases in pain duration, intensity, and frequency in the mild pain group compared with the severe pain group (Table 6) .
DISCUSSION
The VDT workers in the present study complained of pain in the order of shoulder, neck, low back, elbow, wrist, and lower extremity. Park et al. [15] reported that the prevalence of pain complaints among 290 female international telephone operators was significantly greater in the shoulder (65.2%) and upper extremities (50.0%), followed by the neck (38.6%), low back (36.2%), hand (34.5%), back (29.0%), and lower extremities (24.8%). This study demonstrated that VDT work mainly caused shoulder-arm-neck pain. In addition, the prevalence of muscle tenderness was significantly higher in the shoulder and upper extremities, followed by the back (6.2%), neck (5.2%), low back (2.8%), hand and fingers (2.4%), and lower extremities (1.0%). In addition, muscle tenderness on the right side upper extremities, neck, and shoulder was significantly severer than it was on the left side [15] .
Bernard et al. [16] reported that the prevalence of musculoskeletal disorders of the upper extremities including the neck and shoulder was 41% among newspaper www.e-arm.org www.e-arm.org employees, and the prevalence of hand or wrist disorders was 22%. Bergqvist et al. [17] also found that symptom prevalence of neck and shoulder disorders was 61.2% and that the rates of neck and shoulder disorders were 22.7% and 13.0%, respectively, among VDT workers. These studies demonstrated similar results to our study, in which shoulder pain was the most common, followed by pain in the neck, low back, elbow, wrist, and lower extremities.
In a previous study related to rehabilitation education, Shuai et al. [6] evaluated the effects of an educational program for preventing work-related musculoskeletal disorders among 350 school teachers. They evaluated the program effects after 6 and 12 months using a questionnaire. The educational program contained an occupational health lecture, approximately 40 minutes long, that explained musculoskeletal disorders and risk factors and introduced ergonomic training to improve posture while at the computer. After the intervention, there was an improvement in awareness, attitudes, and behavior associated with work-related musculoskeletal disorders and a significant decrease in discomfort or pain in the neck, shoulder, and low back. These results were similar to those in our study. These results collectively suggest the importance of rehabilitation education for managing work-related musculoskeletal disorders. In addition, the educational program in the study described above was similar to that in our study with regard to explaining the characteristics of musculoskeletal disorders and education on correct working posture. However, there were differences between the studies in that additional exercise education and improvements in the working environment were provided in our study, in addition to our production of an educational booklet and video with free educational content uploaded on a website in order to increase the access to information to the subjects in our study.
de Freitas-Swerts et al. [18] evaluated the effects of office exercise on reduced work-related stress and musculoskeletal pain. They reported that there was no significant reduction in work-related stress. However, there was a significant decrease in pain in the upper, middle, and lower back; right thigh; ankle; and foot and left leg. Their study also assigned postural exercises, segmental stabilization, and segmental and muscular chain stretching for both the upper and lower extremities. This might explain the difference in results compared with our study.
However, in recent studies, no significant effects of exercise and workplace adjustments have been shown for work-related musculoskeletal pain. For example, Karjalainen et al. [9] reported that multidisciplinary biopsychosocial rehabilitation showed no effectiveness on work-related musculoskeletal disorders. In addition, Verhagen et al. [10] analyzed 44 studies of 6,580 persons to examine the effects of exercise, ergonomics, and physical therapy on work-related complaints of neck, shoulder, or upper extremity discomfort. Twenty-one studies evaluated the impact of exercise on work-related musculoskeletal pain, 13 evaluated ergonomic workplace adjustments, and nine evaluated behavioral interventions and other various treatments, excluding injections and surgical procedures. All of these studies reported no effect of exercise on pain, recovery, disability, or sick leave. However, ergonomic interventions did decrease pain in the long term, although not in the short term. A possible reason for the different results compared with our study is that exercise therapy including specific forms of exercises such as proprioceptive neuromuscular facilitation, Feldenkrais therapy, and Mensendieck training were provided to participants with nonspecific neck and shoulder pain, whereas we subdivided exercises into musclespecific stretching and strengthening exercises according to actual diagnosis and conducted repeated and constant education. The results of our study including tailored rehabilitation education depending on accurate diagnosis could therefore be more clinically meaningful. In addition, to improve the working environment, we provided education on ergonomic training to improve computer working posture as a part of the tailored rehabilitation education and followed up after one year. In this regard, www.e-arm.org of our study results corresponded with those in the above meta-analysis.
Our study found that pain duration, intensity, and frequency were significantly decreased in the shoulder and wrist after tailored rehabilitation education, pain intensity was significantly decreased in the neck area and pain duration and frequency were significantly decreased in the low back area. This suggests that providing musculoskeletal rehabilitation education, including explanations of specific disease characteristics, exercise therapy, and posture education, to VDT workers is an important part of pain management. In the low back pain group, there was no significant difference in pain intensity; however, there was a decrease in the number of subjects who complained of moderate and severe pain, suggesting that musculoskeletal rehabilitation education was effective in alleviating pain intensity.
In the elbow pain group, the values of the three evaluation factors decreased, but this was not statistically significant. In the lower extremity pain group, there were no significant changes in any of the evaluation factors. A possible explanation might be that the components of our musculoskeletal rehabilitation education mainly focused on the neck, shoulder, and hand regions. With regard to the content of rehabilitation education used in our study, we think it will be necessary to revise the education so that it can be appropriately applied to all body parts, including the characteristics and symptoms of work-related musculoskeletal disorder, posture training, and exercises for the elbow and lower extremities. In the comparison between the severe and mild pain groups, pain duration, intensity, and frequency were more significantly decreased in the mild pain group than in the severe pain group. This suggests that musculoskeletal rehabilitation education was more effective in decreasing relatively mild pain, including myofascial pain syndrome. It also suggests the importance of medical examination for screening severe symptoms when planning a musculoskeletal rehabilitation education program in a largescale work setting.
There were a number of limitations to the present study. First, this study is likely to have been influenced by the subjective tendency of respondents because of the nature of a self-report survey. To supplement this, additional study needs to be conducted with direct observation or the interview method in the future. Second, because this was a cross-sectional study, it only examined the changes in pain duration, intensity, and frequency; as such, we could not assess the effects of other psychological factors including occupational satisfaction and stress. Third, we did not consider work environment factors such as sitting position, desk height, or chair type in association with the occurrence of work-related musculoskeletal pain. Fourth, we were not able to evaluate the effects of the duration of education. Also, we did not investigate whether subjects received additional treatment other than rehabilitation education. Fifth, we were not able to set up a control group because of the nature of survey research in a largescale work setting. In addition, many subjects were lost to follow-up. We were not able to compare the degree of decrease in pain in each body part after rehabilitation education because of the small number of subjects with pain in all body parts. Therefore, we could not analyze the region-specific effects of rehabilitation education. Large-scale prospective studies including a control group are needed in the future.
However, in spite of the above limitations, our study has clinical significance for identifying the usefulness of rehabilitation education that can easily be overlooked when analyzing symptom changes in work-related musculoskeletal patients after musculoskeletal rehabilitation education. In addition, our study differed from others in that tailored rehabilitation education was conducted according to accurate diagnosis. Therefore, our study provides useful data for establishing effective teaching methods for rehabilitating work-related musculoskeletal injury.
In conclusion, our study analyzed changes in musculoskeletal pain through disease-specific tailored rehabilitation education among VDT workers. Generally, the workers' musculoskeletal symptoms were improved after musculoskeletal rehabilitation education. In particular, there were significant decreases in pain in the shoulder, wrist, and low back regions. In addition, after musculoskeletal rehabilitation education, there was a greater decrease in pain in the mild pain group compared with the severe pain group.
CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was reported.
